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ABSTRACT 

A  trial  to  evaluate  a  range  of  microcapsules  prepared  using  various  encapsulating  agents 
individually  and  in  combination  has  been  completed.  The  aim  was  to  provide  a  means  of 
protecting  ascorbic  acid  (AA)  from  harsh  conditions  of  elevated  temperature  over  extended 
storage  periods,  and  to  obtain  a  basis  for  the  selection  of  encapsulating  agents  for  the  A  A 
fortification  of  specialised  food  products.  Microcapsules  were  prepared  using  a  pi  lot  scale  spray 
dryer;  good  yields  and  high  recoveries  of  A  A  were  obtained.  The  resultant  materials  were  fine 
powders  of  relatively  uniform  parti  cl  esize,  spherical  with  varying  degrees  of  indentation  but  no 
evidence  of  mechanical  damage.  Samples  of  the  microcapsules  were  stored  at  temperatures  of  20, 
30, 37  and  48  °C  for  periods  of  up  to  15  months.  There  were  significant  variations  in  A  A  retention 
between  treatments  and  encapsulating  agents.  It  is  recommended  that  six  encapsulating  agent 
combinations  and  loading  levels  be  further  evaluated  to  determine  their  potential  for  the 
fortification  of  selected  food  products. 
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M  icroencapsulation  of  Ascorbic  Acid  for  Enhanced 
Long-term  Retention  during  Storage 


Executi  ve  Su  mmary 


Australian  soldiers  rely  on  combat  ration  packs  (CRP)  as  their  source  of  energy  and 
nutrientswhen  access  to  fresh  foods  is  not  practicable.  CRP  components  may  befortified 
to  improve  the  levels  of  vitamins.  Ascorbic  acid  (AA)— vitamin  C— is  oneof  the  vitamins 
added  to  some  CRP  components.  However,  AA  is  susceptible  to  degradation  during 
processing  and  storage  of  foods,  therefore,  it  is  important  to  protect  the  added  A  A  to 
ensure  that  adequate  levels  are  present  atthetimeof  consumption. 

The  purpose  of  the  research  presented  in  this  report  was  to  evaluate  the  protective 
properties  of  microcapsules  prepared  by  spray  drying,  against  harsh  conditions  of 
elevated  temperature  over  extended  storage  periods,  reflecting  conditions  encountered  by 
military  personnel  and  supplies  in  the  field. 

Nine  hydrocolloids,  including  various  commercial  starch-based  ingredients,  in 
13  combi  nati ons  weresel ected  for  eval  uati on  as  encapsul ati  ng  agents.  M  i crocapsul es  were 
prepared  under  controlled  conditions  and  samples  were  collected  for  analysis  to 
determine  AA  content,  particle  size  distribution  and  examination  of  the  structure  by 
environmental  scanning  electron  microscopy.  Samples  were  also  reserved  for  a  storage 
trial. 

Samples  were  stored  at  4  temperatures  (20,  30,  37  and  48  °C)  for  periods  of  up  to 
15  months.  The  storage  times  and  temperatures  were  based  on  thestandard  storage  profile 
used  by  DSTO-Scottsdaleto  conduct  shelf-life  evaluation  of  ration  pack  components. 

All  microcapsule  combi  nati  ons  lost  A  A  during  storage.  The  rates  of  loss  at  48  °C  ranged 
from  1.4%  to  41%  per  month.  The  six  best  performi  ng  combi  nati  ons  exhi  bited  losses  of  less 
than  3%  per  month  at  48  °C  and  I  ess  than  1.2%  per  month  at  30  °C . 

Conclusions 

1.  Yields  of  microcapsules  obtained  on  a  pilot  scale  spray  dryer  were  satisfactory 
(75-95%). 

2.  Recoveries  of  AA  during  microencapsulation  by  spray  drying  were  excellent 
(98-100%),  showing  virtually  no  losses  under  the  conditions  used. 

3.  Microcapsules  prepared  by  spray  drying  consisted  predominantly  of  partidesinthe 
range  of  10-50  diameter.  Little  variation  in  size  was  observed  for  the  various 
combinations  of  encapsulating  agents  used  in  this  investigation. 
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4.  Microscopy  confirmed  the  particle  size  data  obtained  by  laser  diffraction.  The 
images  obtained  by  ESEM  also  demonstrate  that  the  microcapsules  are  basically 
spherical  in  shape.  The  surfaces  appear  to  be  continuous  and  show  indentations  to 
varying  extents. 

5.  X-ray  d  iffracti  on  anal  ysi  s  showed  that  for  the  w  al  I  materi  al  s  d  i  spl  ay  i  ng  a  degree  of 
crystallinity,  the  resultant  capsules  also  have  crystal  line  patterns.  However  these 
microcapsules  do  not  demonstrate  enhanced  retention  of  AA. 

6.  The  storagetrials  demonstrated  that  A  A  retention  levels  weredependent  upon  the 
particular  combinations  of  encapsulating  agents. 

7.  The  results  indicate  that  six  combinations  of  encapsulating  agents— F30  + 1  nstant 
449,  F30  + 1  nstant  M  A  PS,  H  i  Cap  100,  F30  +  GA  +  H  i  M  aize,  F17  + 1  nstant  449  and 
F30  +  GA  (combinations  5,  8,  11,  6,  2  and  4  respectively)— warrant  further 
evaluation. 

8.  Hi  Maizeappearstoenhancetheprotectiveeffectinthecombinationsstudied. 

9.  The  limited  investigation  of  the  effect  of  loading  level  of  AA  within  the 
microcapsules  indicated  that  higher  levels  are  associated  with  significantly 
enhanced  retention. 


Recommendations 

1.  Fu  rther  eval  uate  the  most  promi  si  ng  of  the  combi  nati  ons  of  encapsul  ati  ng  agents  by 
incorporating  the  microcapsules  into  a  selection  of  food  products  so  that  the 
effectiveness  of  protection  can  be  established  within  food  matrices. 

2.  Conduct  a  series  of  trials  to  more  fully  investigate  the  impact  of  loading  of  AA 
within  capsules. 

3.  I  nvestigate  extension  of  the  results  of  this  work  to  other  water  soluble  bio-active 
components  and  micronutrients. 
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1.  Introduction 

The  intake  of  adequate  energy  and  nutrients  plays  a  fundamental  role  in  ensuring  that  ADF 
personnel  are  operationally  ready  (Mai  berg  and  Forbes-Ewan,  2010).  Australian  soldiers  use 
combat  rati  on  packs(CRP)  as  their  source  of  food  when  access  to  fresh  foods  is  not  practicable. 

As  the  period  of  continual  use  may  be  for  several  weeks,  it  is  essential  that  CRP  provide 
adequate  energy  and  nutrients  during  that  period.  Certain  CRP  components  are  fortified  to 
enhance  the  levels  of  vitamins  that  are  normally  readily  obtained  from  fresh  foods,  but  are 
typically  present  at  low  levels  in  the  processed  foods  used  in  CRP.  Ascorbic  acid  (AA),  also 
known  as  vitamin  C,  is  one  of  the  vitamins  added  to  some  CRP  components. 

Vitamins  are  chemically  reactive  and  their  stability  has  been  studied  in  a  range  of  foods 
(Gregory,  2008).  Many  of  the  vitamins  are  relatively  unstablein  the  conditions  found  during 
food  processing  and  storage,  although  thestability  characteristics  of  individual  vitamins  vary 
widely  (Gregory,  2008).  Some  recent  studies  have  focussed  upon  the  retention  of  the  water 
soluble  vitamins  including  riboflavin  (vitamin  B2)  (Bui  and  Small,  2009),  vitamin  B6(Bui  and 
Small,  2008a),  thiamin  (vitamin  Bl)  (Bui  and  Small,  2007a,  2007b,  2008b),  and  the  folate  group 
that  includes  folic  acid  used  as  a  fortificant  (Bui  and  Small,  2007c,  2007d,  2007e;  Flau,  2008; 

FI  au  et  a/.,  2007, 2008, 2009).  I  n  al  I  cases,  consi derabl e I osses  rangi  ng  between  40 and  97% occur 
during  processing  and  preparation  of  selected  foods,  with  product  pH  being  asignifi  cant  factor 
in  some  cases.  On  the  other  hand,  niacin  is  much  more  stable  in  foods  (Gregory,  2008; 
Kawila eta/.,  2008).  Data  on  ascorbic  acid  (AA)  also  indicates  significant  losses  during 
processing  and  storage  of  various  foods  (Gregory,  2008;  Floare  et  a/.,  1993;  Ma  et  a/.,  2007; 
Sanyoto  et  a/.,  2008). 

AA  isessential  for  normal  functioning  of  thebody  and  maintenanceof  metabolic  integrity.  Itis 
an  antioxidant,  a  cofactor  in  collagen  formation  and  other  reactions.  AA  also  plays  a  role  in 
reducing  physical  stress  and  maintenanceof  the  immune  system  (Wintergerst  et  al.,  2007).  A 
number  of  chemical  and  physical  factors  affectthestabi  I  ity  of  AA  in  foods  during  processing  as 
well  as  storage.  TheseindudepH.thepresenceof  oxygen,  temperature  and  light.  AA  ishighly 
susceptible  to  oxidation,  especially  in  the  presence  of  metal  ions,  and  the  rate  of  oxidation  is 
increased  by  exposure  to  heat  and  light  (Gregory,  2008). 

Two  broad  approaches  areavai  I  abl  eto  ensure  that  i  ntakes  of  nutri  ents  areopti  mal ,  not  only  for 
general  health  and  wellbeing,  but  so  that  physical  and  mental  performance  can  be  sustained. 
The  consumption  of  a  "wide  variety  of  nutritious  foods"  is  one  of  the  dietary  guidelines  for 
Australian  adults  (N  FI  M  RC,  2003).  Flow  ever  fortification  can  also  be  useful  where  the  diversity 
of  foods  i  s  restri  cted  or  i  n  cases  of  i  ncreased  requi  rements  for  nutri  ents.  A  A  has  been  used  for 
fortification  of  food  aid  commodities  (Food  and  N  utrition  Board,  1997)  and  selected  ration  pack 
components.  Commercially,  A  A  is  used  widely  to  fortify  foods,  particularly  in  conjunction  with 
other  nutrients  in  order  to  enhance  or  maintain  their  availability  or  function  (Johnson  and 
William,  1991). 

Significant  barriers  remain  to  the  effective  fortification  of  foods  with  water  soluble  vitamins, 
particularly  AA.  Significantly,  A  A  ishighly  sol  ublein  water  with  morethan  300  g  dissolving  in 
a  litre  of  water  at  room  temperature  (Budavari,  2001).Thiscan  resultin  losses  especially  when 
foods  are  boiled  or  steamed,  but  of  greater  concern  is  the  fact  that  the  direct  addition  of 
powdered  AA  to  a  food  can  resultin  rapid  losses  simply  dueto  the  presence  of  water.  In  one 
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Australian  study  it  was  demonstrated  that  even  during  refrigerated  storage  of  orange  juices  at 
4°C,  the  losses  of  added  AA  were  significant,  reducing  theAA  content  below  the  legal  lower 
limit  prior  to  these  products  reaching  their  use-by  dates  (H  oareef  a/„  1993). 

M  i  croencapsul  ati  on  technol  ogy  provi  des  a  strategy  for  enhanci  ng  theretenti  on  of  sensiti  veand 
expensive  food  components,  including  AA,  through  protection  from  adverse  conditions  and 
al  I  ow  i  ng  del  i  very  to  thetarget  site  at  the  requi  red  ti  me  (A  ugusti  n  and  H  emar,  2009).  A I  though 
this  approach  has  been  widely  used  in  pharmaceutical  and  other  industrial  applications,  it  is 
relatively  recently  that  its  potential  has  been  recognised  for  foods  (Vilstrup,  2001). 

Many  techniques  have  the  potential  for  microencapsulation  of  food  materials  (Augustin  and 
H  emar,  2009;  Vi  I  strup,  2001)  i  nd  udi  ng  spray  dryi  ng,  spray  cool  i  ng,  spray  chi  1 1  i  ng,  fl  uidi  sed  bed 
coating,  extrusion,  coacervation  lyophilisation,  co-crystallisation,  liposome  entrapment  and 
inclusion  complexation.  Of  these,  however,  a  number  haveonly  been  evaluated  on  a  laboratory 
scale.  Spray  drying  (Gharsallaoui  eta/.,  2007)  currently  has  immediatescopefor  adaptation  to  a 
commercial  scaleand  has  ad  vantages  dueto  the  low  thermal  effect  on  materials  during  drying, 
a largethroughputcapacity,whileproducingafine, free-flowing  powder.  Commercially,  spray 
dryi  ng  has  been  used  for  many  components,  i  nd  udi  ng  fl  avouri  ng  agents,  fats  and  oi  I  s,  vitami  ns 
and  minerals,  microorganisms,  enzymes,  sweeteners  and  colorants  (Gharsallaoui  et  al.,  2007). 
Thesel  ecti  on  of  spray  dryi  ng  for  thi  s  project  refl  ects  both  its  suitabi  I  ity  as  wel  I  as  its  potenti  al  for 
rapid  commercial  adoption. 

Much  of  the  previous  research  on  microencapsulation  has  been  focussed  upon  fat  soluble 
components,  particularly  flavourings  for  which  losses  of  unprotected  materialscan  be  rapid.  It 
has  been  recommended  previously  that  it  may  be  necessary  to  develop  a  "tail or  made"  solution 
for  each  appl  i  cati  on  and  for  i  nd i  vi  dual  components  requi  ri  ng  protecti  on  (A  ugusti  n  et  al.,  2001). 
Additionally  it  is  i  important  for  a  strategy  to  be  designed  to  suit  a  particular  food.  In  a  recent 
study  the  rel  ease  of  water  sol  ubl  eaci  ds  was  achi  eved  by  entrappi  ng  them  withi  n  a  I  i  pi  d  matrix 
that  could  be  incorporated  into  a  bakery  dough  (Al-Widyan  and  Small,  2005). 

Relatively  few  other  publications  have  reported  on  strategies  that  might  be  suitable  for  the 
protection  of  water  soluble  components  of  foods.  Furthermore  there  have  been  only  two 
previous  reports  specifically  on  the  microencapsulation  of  AA  (Trindade  and  Grosso,  2000; 
Uddin  et  al.,  2001).  These  provided  a  range  of  approaches  that  might  be  considered  for  the 
research  reported  here,  but  some  of  the  encapsulating  agents  previously  applied  to  AA  arenot 
safe  for  use  in  food  products,  particularly  the  agents  selected  for  cross  linking  of  proteins. 
Careful  consideration  of  the  wide  variety  of  food  ingredients  that  can  be  used  as 
mi  croencapsul  ati  ng  agents  i  s  an  i  important  fi  rst  step  i  n  the  dev  el  opment  of  mi  crocapsul  es.  The 
selection  depends  upon  the  characteristics  of  the  components  to  be  protected  as  well  as  the 
nature  of  the  processing,  storage  and  the  conditions  that  may  be  encountered  during  these. 

The  purpose  of  the  research  presented  i  n  thi  s  report  was  to  eval  uatethe  protecti  ve  properti  es  of 
microcapsules  prepared  by  spray  drying,  using  various  encapsulating  agents,  against  harsh 
conditions  of  elevated  temperature  over  extended  storage  periods,  reflecting  conditions 
encountered  by  military  personnel  and  supplies  in  the  field.  The  broad  aim  was  to  provide  a 
means  of  protecting  and  enhanci  ngthestabil  ity  of  A  A  with  thespecificobjectiveof  screening  a 
wi  der  range  of  encapsul  ati  on  agents,  so  that  a  I  i  mi  ted  number  of  suitabi  e  combi  nati  ons  can  be 
i  d enti f i  ed .  These  w  i  1 1  p rovi  d e  a  basi  s  for  fu  rther  steps  to  fi  nd  w  h i  ch  of  these  are  best  su i  ted  for 
fortification  of  particular  food  formulations  in  ration  packs. 
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2.  Methods  and  Materials 

2.1  I  ngredients  for  microcapsule  preparation 

Food  grad e  i  ngred  i  ents  w ere  used  i  n  the  preparati  on  of  mi  crocapsu  I  es.  The  detai  I  s  of  these  are 
presented  in  Table! 


Tablel:  Food  grade  ingredients  used  in  the  formulation  of  microcapsules 


Ingredient 

Description 

Manufacturer 

A  A  food  grade 
(99.0-100.5%) 

Product  code:  158000 

Bronson  &JacobsPty.  Ltd, 
Melbourne,  Australia 

Gum  Arabic  (GA) 

Luxara  3A 

Product  4417 

Arthur  Branwell  &  Co  Ltd, 

United  Kingdom 

Maltodextrins,  2  types: 

a.  Fieldosel7  (F17),  DE1  =17 

b.  Fieldose30(F30),  DE  =30 

F17,  and 

F30 

Penford  Australia  Ltd, 

Melbourne,  Australia 

Pregelatinised,  modified  waxy  maize  starch 

Instant  MAPS 

Pregelatinised,  modified  waxy  maize  starch 

1  nstant  449 

Unmodified  high  amylose  maize  starch 

Hi  Maize™  1043 

National  Starch,  Sydney, 

Australia 

Modified  waxy  maize  starch 

CAPSUL® 

Tapioca  dextrin 

K4484 

Modified  waxy  maize  starch 

Hi  CAP™  100 

2.2  Preliminary  considerations  for  microencapsulation 

For  this  study,  spray  drying  was  selected  as  a  suitabletechnology  for  encapsulating  AA,  partly 
due  to  the  high  solubility  of  AA  in  water.  Spray  drying  has  previously  been  applied  to  the 
encapsulation  of  various  food  components  and  has  a  number  of  advantages  including  cost 
effectiveness,  versatility,  potential  for  scale-up  and  ready  availability  of  commercial  facilities 
(Gharsallaoui  et  al.,  2007;  Gohel,  et  a!.,  2009;  Thies,  1996,  2004). 

The  second  aspect  that  was  considered  was  the  selection  of  encapsulating  agents.  The  basis  of 
selection  was  that  these  encapsulating  agents  should  be  readily  available  as  food  grade,  safe 
ingredients  with  the  potential  to  provide  protection  for  the  active  component,  AA.  Oneother 
factor  was  the  requi  rement  for  the  ulti  mate  release  withi  n  the  digestive  tract  (Desai  and  Park, 
2005;  Patty  et  al.,  2010). 

Based  upon  these  requirements,  previous  research  (King,  1995;  Krishnanef  al.,  2005;  Loksuwan 
2007;  Gharsallaoui  eta/.,  2007)  and  information  provided  by  food  ingredient  suppliers,  a  number 
of  hydrocolloids,  including  various  commercial  starch-based  ingredients,  werechosen. 

A  seri  es  of  preliminary  trialsof  different  combi  nations  and  rati  os  of  coating  materials,  as  well  as 
spray-dryer  operating  conditions,  were  conducted  to  confirm  the  suitability  of  the  selected 


1 DE  =  Dextrose  Equivalent  of  the  polysaccharide. 
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rangeofcapsulewall  material  sand  the  optimal  spray  dryer  operating  conditionsfor  application 
to  ascorbic  acid  (Bui  et  at.,  2008).  These  included  partially  hydrolysed  starches  in  theform  of 
maltodextrins  (F17  and  F30)  and  others  promoted  as  potential  microencapsulating  agents 
(Loksuwan,  2007;  Trindade  and  Grosso,  2000).  Another  starch  product(Fli  Maize™  1043)  was 
also  trialled  asthisishigh  in  resistant  starch,  a  component  now  known  to  provide  significant 
health  benefits,  an  ability  to  act  as  a  prebiotic  in  the  digestive  system  and  possibly  providing 
desirable  delayed  release  properties  when  used  as  a  microencapsulating  agent  (Patty  et  at., 
2010). 

2.3  Preparation  of  microcapsules  incorporating  AA 

Extensive  prel  i  mi  nary  studi  es  were  used  to  assess  a  wi  de  range  of  opti  ons.  The  results  of  these 
trials  then  allowed  the  establishment  of  a  more  restricted  range  of  potential  wall  materials  and 
parti  cu  I  ar  combi  nati  ons  w  hi  ch  w  arranted  f  u  rther  i  nvesti  gati  on .  Thi  rteen  sped  f  i  c  combi  nati  ons 
were  established  (Table  2)  and  in  all  cases,  the  combination  could  be  readily  prepared  by 
hydration,  suspension  and  mixing,  utilisingtheproceduresdescribed  (Section  2.4).ThepFI  was 
carefully  controlled  as  elevated  values  (phi  6.0and  above)  result  in  rapid  losses  of  AA. 

2.4  Preparation  of  solutions  for  spray  drying 

For  each  of  the  combinations  selected  for  this  series  of  trials  (Table  2),  the  wall  materials 
(encapsulating  agents)  were  either  dissolved  or  suspended  in  a  suitable  amount  of  distilled 
water  such  that  the  total  volume  of  water  used  was  3  L.  Initial  mixing  was  by  stirring  rod  for 
5  minutes  prior  to  covering  with  aluminium  foil  and  overnight  storage  in  an  incubator  set  at 
50  °C. 

The  solutions  were  mixed  as  required, to  givealevel  of  solid  material  corresponding  to  approx. 
30%  (w/  v)  usi  ng  a  hi  gh  speed  overhead  sti  rrer  (M  odel  0-10  LFA  0-318;  Laboratory  Supply  P/  L, 
M  el  bourne,  A  ustral  i  a)  at  a  setti  ng  of  3  that  ensured  that  a  vortex  was  mai  ntai  ned .  M  ixi  ng  was 
continued  for  a  period  of  30  minutes  or  longer  (up  to  60 minutes)  if  this  was  necessary  to 
achieve  homogeneity.  Once  homogeneity  was  achieved,  AA  was  added  slowly  into  the  vortex 
taki  ng  approxi  mately  15  mi  nutes.  Fi  nal  ly,  the  pH  was  adjusted  to  4.0  usi  ng  a  di  I  utesol  uti  on  of 
hydrochloric  acid. 
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T  able2:  Spray  drying  trials  combinations  of  encapsulating  agents  and  their  proportions 


No. 

Core 
loading 
(%  AA) 

Combination  of  encapsulating  agents 
(wall  materials) 

Ratio  of  wall 
materials 

1 

6 

F17 

GA 

1:1 

2 

6 

F17 

1  nstant  449 

8.3:1 

3 

6 

F17 

GA 

Hi  Maize™  1043 

2.5  :  2.5 : 1 

4 

6 

F30 

GA 

1:1 

5 

6 

F30 

1  nstant  449 

8.3:1 

6 

6 

F30 

GA 

Hi  Maize™  1013 

2.5  :  2.5 : 1 

7 

6 

F17 

Instant  MAPS 

8.3:1 

8 

6 

F30 

Instant  MAPS 

8.3:1 

9 

6 

CAPSUL® 

1 

10 

6 

F17 

1 

11 

6 

Hi  CAP™  100 

1 

12 

6 

K4484 

1 

13 

6 

K4484 

Hi  Maize™  1043 

5:1 

14 

18 

F17 

GA 

1:1 

15 

36 

F17 

GA 

1:1 

2.5  Preparation  of  microcapsules  by  spray  drying 

A  pi  I  ot  seal  espray  drier  (N  i  ro  Rotary  Atomi  ser  M  i  nor,  Copenhagen,  Denmark)  unit  was  used  i  n 
accordance  with  the  instructions  issued  by  the  manufacturer  (Anon,  undated).  Prior  to 
introducing  the  prepared  feed  material  containing  AA  and  hydrocolloids,  the  spray  drier 
ch  amber  w  as  w  armed  to  120  °C  f  or  ap  p  roxi  matel  yl5-20minutesduringwhichnoliquidwas 
pumped  into  the  chamber  (the  settings  were:  main  controller  I  and  fine  adjustment  setting  of 
6. 0-6.8).  N  ext,  warm  water  (approx.  35  °C)  was  introduced  to  the  chamber  using  the  peristaltic 
pump  (Masterflex®peristaltic pump,  Model:  7512-35,  Cole-Palmer  Instrument,  Chicago,  United 
States).  The  air  pressure  controller  was  then  turned  on  and  the  setting  increased  to  5.0  kg/  m2. 
Carewastakentoincreasethepressuresmoothlyand  gradually  over  a  period  of  2  minutes.  The 
pumping  of  warm  water  was  typically  continued  for  a  period  of  approximately  20  min  and  at 
the  same  time  the  stability  of  the  measured  temperatures  for  both  the  inlet  and  outlet  air  flow 
was  monitored.  Thetemperatureachieved  at  theoutletduringthiswarm-up  peri  od  waswithin 
the  range  of  72-82  °C.  Other  parameters  were:  feed  flow  rate  10-12  mL/  min,  final  outlet 
temperatures  80-87  °C. 

M  i  crocapsul  es  were  col  I  ected  i  n  a  recei  ver  jar  and  the  yi  el  d  was  cal  cul  ated  usi  ng  thefol  I  owi  ng 
equation,  in  which  total  dry  weight  is  cal  cul  ated  asthesumof  all  ofthesolid  ingredients  added 
to  the  food  solution. 


UNCLASSIFIED 


5 


DSTO-TR-2504 


UNCLASSIFIED 


x,-  ,  ,/n/x  weight  of  microcapsules 

Yield  (%)= - - — — - ; — 7- - 

total  dry  waght 

Subsamples  of  the  microcapsules  were  reserved  for  the  storage  trial  and  the  remaining  portion 
was  kept  in  a  closed  sealed  jar  until  it  was  analysed  for  AA  content  and  particle  size 
distribution.  Structural  characteristicswereal so  examined  by  environmental  scanning  electron 
microscopy  (ESEM). 

2.6  D  esign  of  the  storage  trial  for  microcapsule  preparations 

The  purpose  of  thestorage  trial  was  to  comparetheperformanceof  the  microcapsules  prepared 
with  different  combinations  of  encapsulating  agents  (Table  2).  Samples  were  to  be  stored  ata 
range  of  temperatures,  based  on  the  standard  storage  profile  used  by  DSTO-Scottsdale  to 
conduct  shelf-1  ifeevaluation  of  ration  pack  components.  Accordingly,  thesamples  were  stored 
at  four  temperatures  (20,  30,  37  and  48  °C)  for  periods  of  up  to  15  months. 

For  each  combination  of  microencapsulation  agents  (hydrocolloids),  three  spray  drying  runs 
wereconducted  and  sub-samples  (approx.  5  g  in  each  case)  wereindividually  sealed  in  Cryovac 
vacuum  packaging  bags.  This  gave  225  sub-samples  (3 runs x 75  sub-samples)  for  each 
combi  nati  on  (T abl  e  2)  i  n  thestorage tri  al .  For  H  i  Cap  ™  100  (tri  al  combi  nation  11  i  n  Tabl  e2)  only 
one  spray  drying  run  could  be  carried  out  so  only  oneset  of  sub-samples  was  avail  abl  efor  this 
combination. 

The  matrix  of  treatments  (involving  temperature  and  period  of  storage)  selected  for 
i  nvesti  gati  on  i  s  presented  i  n  Tabl  e  3.  T  reatments  are  i  denti  fi  ed  usi  ng  a  ti  ck  {/ ).  The  su  b-sampl  es 
were  assembled  into  groups  corresponding  to  each  of  the  time-temperature  combinations 
(T abl  e  3) .  The  su  b-sampl  es  w  ere  removed  from  storage  at  the  sel  ected  ti  me  poi  nts  for  anal  ysi  s  of 
AA  content  and  ESEM  examination. 


Table 3:  Storage  trial  design 


Temperature 

(°C) 

Storage  period  (months) 

Initial 

1 

2 

3 

4 

5 

6 

12 

15 

>/ 

20 

V 

V 

s 

✓ 

V 

✓ 

30 

V 

V 

V 

✓ 

V 

✓ 

37 

V 

V 

V 

✓ 

V 

48 

V 

V 

V 

V 

V 

✓ 

2.7  AA  analysis  using  capillary  electrophoresis 

AA  was  analysed  by  capillary  electrophoresis  using  a  procedure  based  uponthoseofTrenerry 
and  coworkers  (Marshall  et  al.,  1995;  Thompson  et  al.,  1995a,  1995b).  An  Applied  Biosystems 
instrument  (model  270  A-FIT)  was  used  with  a  fused-silica  capillary  (undeactivated,  75  pm 
internal  diameter,  Agilent  Technologies).  The  buffer  was  sodium  orthophosphate-sodium 
tetraborate (0.02  M ,  pFH  8.6)  containing  sodium  deoxycholate.  D-erythorbicacid  (D-/S0-AA)  was 
used  as  internal  standard  and  the  operating  conditions  were:  +15  kV  applied  voltage,  28  °C 
temperature  condition  and  254  nm  for  UV  detection. 
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For  analysis,  a  small  amount  of  microcapsule  (approx  0.10 g)  was  mixed  with  aqueous 
0.2%  D,L-dithiothreitol  (10  mL)  using  a  magnetic  stirrer.  For  each  solution,  1  mL  was  transferred 
to  a  10  mL  volumetric  flask  along  with  sufficient  D-/S0-AA  stock  solution  to  give  50  pg/  mL  of 
the  i  nternal  standard  w  hen  thefl  ask  was  made  up  to  10  mL  w  ith  M  i  1 1  i  -Q  water.  A 1 1  extracts  and 
other  solutions  were  filtered  through  a  0.45  pm  nylon  filter  before  use.  In  order  to  enhance  the 
performance  of  the  system  and  prevent  blockage  of  the  capillary  routine  procedures  were 
followed.  These  included  rinsing  of  the  capillary  between  each  run  using  sodium  hydroxide 
(0.1  M)  for  2  minutes  followed  by  Milli-Q  water  for  2  minutes.  Data  analysis  was  performed 
using  Shimadzu  Class  LC-10  Software  and  the  results  obtained  for  spray  dried  microcapsules 
were  used  in  calculation  of  theapparent  recovery  of  A  A.  This  reflects  the  retention  of  AA  within 
the  microcapsules  foil  owing  spray  drying. 

Sampl  es  on  storage  were  anal  ysed  at  the  specifi  c  ti  me  poi  nts  (T abl  e  3)  usi  ng  the  same  method . 

2.8  Characterisation  of  microcapsules 

The  moisture  content  of  the  microcapsules  was  determined  to  verify  the  effectiveness  of  the 
spray  drying  process.  M  oistu  re  analysis,  using  oven  drying,  was  based  upon  the  official  method 
of  the  Association  of  Official  Analytical  Chemists  (procedure  925.45-  44.1.03)  (AOAC,  2000).  A 
sample  of  microcapsules  (2  g)  was  placed  in  a  moisture  dish  and  dried  to  constant  weight  in  an 
air  oven  at  102  °C  for  12  hours.  The  result  was  expressed  as  percentage  moisture  (Appendix  A, 
Table  A 1). 

Forpartidesizeanalysis,  Laser  beam  scatteri  ng  (M  alvern  MastersizerX,  Model  MSX025A)was 
used  foil  owing  the  procedure  described  byCornell  etal.,  (1994).  A  300  mm  range  lens  (suitable 
for  a  particle  size  range  of  1.2-600 pm)  was  used.  Small  amounts  of  microcapsules  were 
dispersed  in/so-butanol  using  a  cel  I  designed  for  powdered  materials.  This  all  owed  continuous 
sti  rri  ng  to  mai  ntai  n  the  d  i  spersi  on  usi  ng  a  magneti  c  sti  rrer  arrangement.  M  al  vern  software  was 
used  for  data  analysis. 

ESEM  was  used  to  observe  the  outer  structure  of  microcapsules  with  an  FEI  Quanta  200 
instrument.  The  settings  were:  accelerating  voltage  of  30  kV,  pressure  of  0.5  Torr,  spotsizeof 
5.0  nm  and  working  diameter  of  10  mm.  A  small  quantity  of  each  microcapsulepreparation  was 
mounted  on  a  metal  stub  using  doublesided  adhesive  tape.  Thefeatures  were  viewed  under 
various  magnifications  in  'low  vacuum'  mode. 

X-ray  diffraction  was  used  to  evaluate  the  chemical  structure  of  materials  used  in  the 
microencapsulation  as  well  as  for  the  resultant  capsules  containing  A  A.  The  instrument  used 
was  a  Bruker  D8  Advance  X-ray.  The  samples  were  scanned  at  a  step  time  of  2.0  seconds,  a 
scatter  slit  of  1  mm  and  scanning  speed  2.000°  20/  min,  within  a  range  of  20  values  from  2.000° 
to  52.010°,  where  0  i  s  the  Bragg  angl  e.  The  resultant  patterns  were  assessed  for  the  presence  of 
promi  nent  peaks  correspondi  ng  to  those  previ  ously  reported  for  starches.  These  peaks  woul  d 
i  ndicatethe  presence  of  a  degree  of  uniform  packi  ng  or  arrangement  of  the  molecules  which  is 
commonly  referred  to  as  crystallinity.  A  lack  of  such  peaks  would  demonstrate  that  the 
arrangement  is  less  ordered;  this  is  described  as  an  amorphous  structure.  Where  peaks  were 
observed,  val  uesfor  rel  ati  vecrystal  I  i  nity  werecal  cul  ated  usi  ng  theapproach  recently  descri  bed 
by  Frost  and  co-workers  (Frost  et  al.,  2009). 
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2.9  Calculation  of  rate  of  loss  from  storage  trial  data 

The  mean  values  of  AA  contents  for  each  microcapsule  combi  nation  at  each  ti  me/  temperature 
of  storagewereused  inthediscussion  and  graphs.  Data  for  each  ti  me'  temperature  combi  nation 
were  pi  otted  usi  ng  M  i  crosoft  Excel  software.  T  rendl  i  nes  were  fitted  to  the  plots  usi  ng  the  scatter 
option.  The  resultant  regression  equations  and  corresponding  correlation  co-efficients  were 
revi  ewed  to  see  how  wel  I  the  data  fitted  the  I  i  near  model .  The  si  opes  were  used  wherever  the 
correlation  coefficient  exceeded  0.95  or  the  intercept  was  within  the  range  98-102.  In  the 
relativelyfew  cases forwhich  neither  criteriaweremet,theinitial  slopeofthecurvewasused. 
This  was  estimated  as  the  si  ope  obtained  when  only  thefirst  two  points  of  thegraph  were  used 
for  regression. 

2.10  Statistical  analysis 

Statistical  analysis  was  conducted  with  the  assistance  of  a  professional  statistician  (Glen 
McPherson  Consultancy).  SPSS  (Statistical  Package  for  the  Social  Sciences,  version  12.0,  2003, 
SPSS  Inc.,  Chicago,  IL,  USA)  was  used  and  was  applied  to  data  formed  by  averaging  the 
read  i  ngs  for  two  extracts  obtai  ned  from  each  sampl  e,  except  i  n  theone  i  nstance  where  there  was 
a  mi  ssi  ng  extract.  I  n  the  I  atter  case,  the  si  ngl  e  val  ue  was  used . 

A  I  i  near ,  ad  d  i  ti  ve  mod  el  w  as  f  i  tted  w  i  th  a  ser  i  es  of  vari  abl  es.  The  f  i  rst  w  as  a '  p  rod  u  ct'  vari  abl  e 
that  identified  the  15  different  combinations  as  one  treatment  vari  able  and  the  second  was  a 
'temperature'  variable  with  values  20,  30,  37,  48.  In  addition,  'storage  time'  (months)  was 
included  asthethird  variablewith  values  of  0, 3, 4, 5, 6, 12, 15  for  temperatures  20, 30  and  37  °C, 
and  values  of  0, 1, 2, 3, 4, 5, 6  for  48  °C.  The  design  variables  were  treated  as  thefourth  treatment 
variablewith  'Batch'  having  three  levels,  and  'Repswithin  batch'  alsoatthreelevelswherethese 
were  included  as  design  variables.  A  'temperature'  x  'storage  time'  interaction  was  also 
included  in  the  model.  The  product 'Hi  Cap  100+6%AA'  islacking  data  for  two  of  the  three 
batches,  hence  comparisons  with  this  product  have  a  lower  power  which  implies  that  larger 
differences  are  required  to  obtain  statistical  significance. 

An  analysis  of  variance  was  applied  with  checks  on  the  model  and  data  that  indicated  the 
model  was  appropriate  and  there  were  no  gross  data  errors.  The  primary  test  was  for  evidence 
that  patterns  over  time  differed  between  products  at  the  different  temperatures.  Further  analysis 
was  undertaken  at  individual  temperatures.  Two  forms  of  comparison  were  employed  using 
t-tests  for  pai  rw  i  se  compari  sons,  w  ith  the  resi  d  ual  mean  squares  from  the  anal  ysi  s  of  vari  ance 
tablesprovidingthevarianceestimate.Thefirsttest,  applied  separately  to  each  product,  sought 
evidence  of  a  change  in  AA  level  from  the  initial  reading  at  each  of  the  storage  times.  The 
second  test  compared  changes  in  AA  level  from  the  initial  reading  to  a  reading  obtained  at  a 
specifi  c  storage  ti  me  between  a  pai  r  of  products.  The  tests  were  appl  i  ed  to  al  I  pai  rs. 

Gi  ven  that  stati  sti  cal  evi  denceof  change  does  not  necessari  I  y  i  mpl  y  a  changethat  i  s  of  bi  ol  ogi  cal 
i  importance,  thestati  sti  cal  test  results  were  overl  ai  n  with  a  check  that  any  si  gnifi  cant  difference 
obtai  ned  from  thestati  sti  cal  test  was  of  practi  cal  i  importance.  To  thi  s  end,  a  difference  of  3  units 
was  taken  as  the  mini  mum  of  practical  importance,  and  differences  exceeding  this  value  were 
identified. 
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3.  Results  and  Discussion 

3.1  Yields  of  microcapsules  prepared  by  spray  drying 

In  all  thespray  drying  trialstheyieldsof  capsuleswerehigh.Theseweretypically  in  the  range 
of  75-95%  wherethese  are  expressed  as  the  amount  of  capsules  recovered  compared  to  that  of 
the  total  sol  ids  fed  to  the  spray  drying  unit  in  the  form  of  the  liquid  feed  material.  Relatively 
little  material  adhered  to  the  inner  surfaces  of  the  spray  drying  chamber  and  no  recovery  of 
residual  material  from  within  the  spray  drier  was  attempted,  in  order  to  minimise 
contamination  of  thecapsular  materials.  Based  upon  extensive  experience  with  spray  drying  of 
food  materials,  it  is  expected  that  significantly  higher  yields  of  capsular  material  would  be 
routinely  obtained  if  these  operations  were  scaled  up  from  the  very  small  scale  used  in  this 
work  to  a  commercial  level  (Gharsallaoui  etal.,  2007). 

During  the  spray  drying  trials,  the  recovery  of  AA  was  also  measured.  This  was  done  by 
di  redly  compari  ng  the  amount  of  A  A  measured  i  n  thecapsul  es  by  thecapi  1 1  ary  el  edrophoresi  s 
procedure  described  inSedion  2.7,  with  thatwhich  was  incorporated  intothefeed  liquid  prior 
to  spray  drying.  In  all  cases  the  recoveries  were  high  (97-100%)  indicating  that  the  pH 
adjustment  described  in  Sedion  2.4waseffediveand  that  the  heati  ng  occurring  as  part  of  the 
spray  drying  process  was  sufficiently  short  to  have  little  or  no  impad  on  the  A  A  content. 

3.2  Characterisation  of  microencapsulated  A  A  by  ESEM 

All  capsules  prepared  by  spray  drying  wereevaluated  by  ESEM  to  assess  the  overall  shapeand 
the  surface  appearance  as  well  as  the  integrity  of  the  capsules  and  any  evidence  of  damage  or 
breakage.  Micrographs  showing  the  typical  appearance  of  the  capsules  are  presented  in 
Figure! 


Figurel:  The  morphology  of  microcapsules  using  K4484+6%  AA  (combination  12,  Table  2)  under 
magnifications  of  lOOOx  (left)  and2500x  (right). 
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These  demonstrate  that  the  preparations  consist  of  very  fine  particles  which  are  basically 
spherical.  In  addition,  the  particles  are  of  relatively  consistent  size.  The  surface  appearance  is 
uniform  with  some  indentations  having  formed  during  the  drying  process  within  the  spray 
d  ri  er .  The  exampl  e  show  n  i  s  consi  stent  w  i  th  the  general  observati  ons  that  there  appeared  to  be 
no  contaminant  materials  present,  no  visual  evidence  of  crack  formation  in  the  outer  surface, 
mechanical  damage  or  breakage  on  any  of  the  freshly  prepared  capsules  in  this  study. 

Micrographs  for  capsules  prepared  with  each  of  the  remaining  combi  nations  of  encapsulating 
agents  are  presented  in  Appendix  B.  These  demonstrate  minor  variations  in  the  degree  of 
indentation  observed  for  different  microcapsules. 


3.3  Characterisation  of  microencapsulated  A  A  -  particle  size  distributions 

In  order  to  effectively  measure  the  diameter  of  the  microcapsules,  the  technique  of  laser 
d i ffracti  on  w as  empl  oyed  (Secti  on  2.8) .  A  ty pi  cal  set  of  resu Its  is  seen  i  n  Fi  gu re 2,  d emonstrati  ng 
a  rel  ati  vel  y  uni  form  si  ze  d  i  stri  buti  on  as  vi  rtual  I  y  al  I  parti  cl  es  have  d  i  ameters  w  i  th  i  n  the  range  of 
10-50  pm.  The  results  for  the  fifteen  combi  nati  ons  of  encapsul  ati  ng  agents  are  summarised  i  n 
Figure  3. 


Particle  diameter  (pm,  logarithmic  scale) 

Figure2:  A  n  exampleoftheparticlesizedistribution  curves  for  spray  dried  microcapsules.  D  ata  is  for 
combination  6  (F30+GA  +  Fii  M  a/'ze™  1043+6%  AA) 


The  graph  shows  that  the  results  are  similar  regardless  of  which  of  the  common  measures  of 
mean  particle  size  are  used.  In  addition,  all  of  the  combi  nati  ons  have  a  similar  mean  diameter. 
Thediameters  reflect  those  that  aretypically  experienced  when  thetechniqueof  spray  drying  is 
used  (Gharsallaoui  et  al.,  2007)  and  are  comparable  to  those  of  milled  wheat  flour  used  in 
bread maki  ng  and  other  food  processi  ng  appl  i  cati  ons.  Thi  s  size  provi  des  si  gnifi  cant  advantages 
for  the  use  of  the  resultant  microcapsules  in  the  formulation  of  foods.  Thefineness,  shape  and 
lack  of  angularity  ensures  that  there  wi  1 1  be  no  adverse  i  impact  on  textural  attri  butes  of  thefood. 
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The  fine  particles  cannot  be  discerned  as  "gritty  or  sandy".  A  further  aspect  of  the  size  is  that 
this  will  facilitate  the  uniform  distribution  of  the  active  agent  within  the  food  product.  Large 
parti  cl  e  si zes  w i  1 1  tend  to  gi  ve  I  ess  u n i form  d i  stri  buti  on . 


□  D[4,3] 

□  D(V,0.5) 

□  D[3.2] 


Figure  3:  A  comparison  of  particle  sizes  for  the  15  combinations 
N  otes: 

1.  Thetrial  numbers  arethose presented  in  Table2. 

2.  D  [4.3]  refers  to  the  volume  mean  diameter. 

3.  D  (V,  0.5)  is  the  median  diameter  at  which  50%  ofthemassofthesampleissmaller  and  50%  is  larger  than  this  size. 

4.  D  [3.2]  is  the  surface  area  mean  diameter. 

5.  Error  bars  represent  the  standard  deviation  values  obtained  from  replicatedeterminations ;  each  mean  was  calculated 
from  nine  values  which  represented  tri plicate  values  obtained  on  each  of  three  replicates. 


3.4  The  characterisation  of  capsular  materials  using  X-ray  diffraction 

Sampl  es  of  A  A ,  al  I  encapsul  ati  ng  agents  and  each  of  the  mi  crocapsul  e  preparati  ons  contai  ni  ng 
AA  wereanalysed  by  wideangleX-ray  diffraction;  the  results  are  summarised  inTable4.  Each 
of  the  individual  scans  is  presented  in  Appendix  C. 


UNCLASSIFIED 


11 


UNCLASSIFIED 

DSTO-TR-2504 

Table 4:  Results  of  X-ray  diffraction  analysis  of  the  materials  used  for  microencapsulation  and 

mi crocapsu I es  con  tai ning  A  A 


Ingredient/microcapsule  preparation 

Observations  on  crystallinity 

Capsule  material 

AA 

Highly  crystalline 

GA 

Amorphous 

F17 

Amorphous 

F30 

Amorphous 

Instant  MAPS 

Amorphous 

1  nstant  449 

Amorphous 

Hi  Maize™  1043 

Clear  crystal  line  pattern  (42%) 

CAPSUL® 

Strong  crystal  1  i  ne  pattern  (47%) 

K4484 

Strong  crystal  1  i  ne  pattern  (46%) 

Hi  CAP™  100 

Amorphous 

No. 

M  icrocapsules  containing  AA 

1 

F17+GA 

Amorphous 

2 

F17-H  nstant  449 

Amorphous 

3 

F17+GA  +  Hi  Maize™  1043 

Some  crystal  1  i  nity  evident  (37%) 

4 

F30+GA 

Amorphous 

5 

F30-H  nstant  449 

Amorphous 

6 

F30+GA  +  Hi  Maize™  1043 

Some  crystal  1  i  nity  observed  (36%) 

7 

F17-H nstant  MAPS 

Amorphous 

8 

F30-H nstant  MAPS 

Amorphous 

9 

CAPSUL 

Clear  crystal  line  pattern  (38%) 

10 

F17 

Amorphous 

11 

Hi  Cap  100 

Amorphous 

12 

K4484 

Some  crystal  1  i  nity  observed  (54%) 

13 

K 4484+ Hi  Maize™  1043 

Somecrystallinity  observed  (58%) 

14 

F17+GA 

Amorphous 

15 

F17+GA 

Amorphous 

N  otes: 

1.  Where  the  pattern  indicated  the  presence  of  uniform  packing  of  molecules,  a  relative  crystallinity  value  has  been 
calculated.  T hese  are  expressed  as  percentage  values  In  parentheses. 

2.  The  patterns  for  microcapsules  with  F17  andGA  as  wall  materials  were  similar  regardless  of  loading  levels  of  A  A 
(A  ppendix  C,  Figures  C5  and  C  9). 

3.  M  icrocapsules  containing  6%  AA :  samples  no.  1  to  13;  18%  AA  sampleno.  14and36%  AA  samplenol5. 

The  data  i  ndi  cate  that  some  degree  of  crystal  Unity  was  observed  for  three  of  the  encapsul  ati  ng 
agents.  All  the  others  showed  X-ray  patterns  consistent  with  atotally  amorphous  structure.  In 
contrast,  the  A  A  used  i  n  theformul  ati  ons  for  the  capsules  was  hi  ghly  crystal  I  i  ne,  as  expected . 
Thedataforthemicrocapsulesdemonstratedthatwheretheoriginal  wall  materials  showed  a 
degree  of  crystallinity,  this  was  at  least  partially  maintained  during  spray  drying  and  was 
evident  in  the  resulting  microcapsules.  Furthermore,  the  calculated  values  of  relative 
crystallinity,  before  and  after  spray  drying,  were  very  similar.  This  is  consistent  with  the 
retention  of  the  granular  integrity  of  starch  granules  in  these  microcapsules  during  the  spray 
drying  process.  On  the  other  hand,  in  all  instances  where  the  original  analyses  showed 
amorphous  structurein  each  ofthewall  materials,  no  crystallinity  developed  when  the  capsules 
were  made. 
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3.5  The  retention  of  AA  in  microcapsules  during  storage  at  48  °C 

Storage  trial  results  for  samples  stored  at48°C  are  presented  in  Figure  4.  The  general  trend  is 
the  same  as  that  observed  for  the  I  ow  er  storage  temperatu  res:  as  anti  ci  pated ,  I  osses  were  hi  ghest 
at48°C. 


F30-Hnstant449  Nc 

F30-HnstantMAPS  5 

-±—  FI  i  Cap  100  8 

-a-F30+GA-HHi  Maize  11 
F17-Hnstant449  6 

F30+GA  2 

h — F17+GA+Hi  Maize  4 
-e—  F17+GA  3 

-X—  F17-HnstantMAPS  1 

-<^F17  7 

K4484+H  i  Maize  10 

-a-  K4484  13 

CAPSUL  12 

9 

0  1  2  3  4  5  6  7 

Time  of  storage  (months) 

Figured.  M  ean  ofAA  contents  of  microcapsules  (6%  A  A  loading),  stored  at  48  °C 

N  ote:  T  hese  microcapsules  are  ranked  according  to  their  decreasing  effectiveness  in  retaining  A  A .  T  his  ranking  was  based  upon 
therates  of  loss  calculated  using  theapproach  described  in  Section  2.9. 

The  results  for  al  I  combi  nati  ons  (Fi  gu  re  4)  show  that  there  was  some  decl  i  ne  i  n  A  A  contents  of 
capsu  I  es  over  the  6  month  peri  od .  FI  owever,  the  ©(tent  of  the  decl  i  ne  vari  ed  very  w  i  del  y  among 
the  combi  nati  ons  of  encapsu  I  ati  ng  agents  used ,  w  i  th  the  hi  ghest  I  evel  of  retenti  on  at  90%  for  F30 
in  combination  with  I  nstant  449  and  Instant  MAPS,  over  the  period  of  the  trial.  This  contrasts 
with  retention  as  low  as  20% for  microcapsules  prepared  using  CAPSUL. 

In  order  to  compare  the  data,  the  rate  of  loss  has  been  expressed  as  the  percentage  loss  per 
month  (Table  5).  The  values  obtained  at48°C  ranged  between  1.4  and  40.8%  per  month. 
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Table5:  Rate  of  loss  of  A  A  for  microcapsules  stored  at  48  °C/  6  month 


Combination  of  encapsulating  agents 

Differences 

observed 

Rate  of  loss  of  A  A 
(%/mth) 

5 

F30-Hnstant449 

a 

-1.40 

8 

F30-Hnstant  MAPS 

a 

-1.43 

11 

Hi  Cap  100 

a 

-1.71 

6 

F30+GA+Hi  Maize™  1043 

a,b 

-2.06 

2 

F17-H  nstant  449 

b,c 

-2.10 

4 

F30+GA 

c 

-2.67 

3 

F17+GA+Hi  Maize™  1043 

d 

-3.15 

1 

F17+GA 

d 

-3.37 

7 

F17-H nstant  MAPS 

d 

-3.42 

10 

F17 

e 

-9.09 

13 

K4484+H i  Maize™  1043 

f 

-12.5 

12 

K4484 

f 

-14.0 

9 

CAPSUL 

g 

-40.8 

N  otes: 

1.  Combinations  are  presented  in  order  based  upon  theretention  ofAA. 

2.  T hose  followed  by  the  same  letter  within  the  column  designated  ‘D  ifferences  observed'  are  not  statistically 
different  from  each  other  at  P  <0.01. 

3.  The  rate  values  are  expressed  in  units  of  percentage  of  initial  levels  per  month. 

4.  Values  are  negative  indicating  losses  over  time. 

5.  T he  combinations  highlighted  with  a  yellow  background  are  those  recommended  for  further  evaluation  (see 
Section  5)  whereas  those  shown  with  light  blue  have  a  lower  potential  to  enhance  A  A  retention. 

The  work  reported  here  did  not  investigate  the  stability  of  microencapsulated  AA  in  food 
matrices,  however  it  is  of  interest  to  compare  the  results  in  Table  5  with  previously  published 
losses  of  A  A  in  food  products.  In  liquid  milks  approximately  50%  of  AA  was  lost  per  month 
during  storage  at  4.4  °C  (H  ead  and  H  ansen,  1979).  In  a  recent  study  of  losses  during  processing 
of  noodles  involving  steaming,  frying  and  boiling,  losses  of  AA  used  as  a  fortificant  were 
10-20%  per  minute (Sanyoto  et  ah,  2008). 

In  the  only  previous  report  of  loss  of  AA  from  microcapsules  made  using  starch  and 
combinations  with  p-cydodextrin  (Uddin  etai,  2001),  the  apparent  losses  were  2-7%  during 
storage  at  38  °C  for  4  days.  Theencapsul  ation  usi  ng  starch  i  n  that  report  demonstrated  a  strong 
advantagei  n  that  microencapsulation  prevented  the  discoloration  that  was  seen  for  unprotected 
A  A  in  the  crystal  I  ineform.  While  direct  comparisons  with  the  published  data  are  difficult,  the 
low  rates  obtained  in  the  current  study  confirm  that  the  protection  provided  by  the 
mi  crocapsu  I  es  has  potenti  al . 

Based  on  the  rates  of  I  oss  d  u  ri  ng  storage  at  48  °C ,  si  x  combi  nati  ons  of  encapsu  I  ati  ng  agents  are 
recommended  for  further  evaluation.  They  are  F30  +  Instant  449,  F30  +  Instant  MAPS, 
FH  i  Cap  100,F30+GA  +H  i  Maize™  1043,  F 17+ Instant  449  and  F30+GA  (combi  nati  ons  5, 8, 11, 
6,  2  and  4  respectively). 
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3.6  The  retention  of  A  A  at  four  different  storage  temperatures 

The  overall  pattern  of  retention  of  A  A  at  each  of  the  four  temperatures  was  similar  to  that 
show  n  i  n  Fi  gu  re4  and  Tabl  e  5.  A  s  expected  the  I  osses  were  I  ower  as  thetemperature  of  storage 
was  reduced.  As  a  specific  example,  the  pattern  of  results  obtained  for  the  combination  of 
F30-K3A  i  s  show  n  i  n  Fi  gure  5.  Thi  s  i  s  typi  cal  of  that  observed  for  al  I  the  other  combi  nati  ons.  The 
losses  increased  as  higher  temperatures  were  used  for  storage. 


20°C 
■*—  30°C 
-±—  37°C 
*-48°C 


Time  of  storage  (months) 

Figure5:  Effect  of  temperature  of  storage  upon  retention  of  A  A  for  microcapsules  prepared  from 
F30+GA  +6%  AA  (combination  4) 


N  ote:  T  he  pattern  was  similar  for  each  of  the  other  combinations  prepared  in  this  study. 


3.7  Comparison  of  the  combinations  at  different  storage  temperatures 

T o  faci  I  i  tatethe  d  i  red  compari  son  of  the  resu  I  ts  obtai  ned  at  each  temperatu  re,  the  rates  of  I  oss  of 
A  A  for  each  combination/  temperature  time  were  calculated  using  the  approach  detailed  in 
Section  3.5.  Based  upon  the  resultant  ratevalues,  the  capsule  combi  nati  ons  were  ranked  in  order 
from  highest  to  lowest  retention  of  AA  for  each  temperature.  The  results  are  summarised  in 
Table  6. 

The  tabul  ati  on  fi  rstl  y  shows  that  si  mi  I  ar  ranki  ngs  were  obtai  ned  at  each  of  thetemperatu  res  of 
storage.  For  many  of  the  preparations  the  performance  was  consistent  across  the  trial.  For 
example,  CAPSUL  (combination  9)  afforded  the  lowest  retention  at  all  of  the  temperatures, 
whereas  those  prepared  with  F30  in  combination  with  Instant  449  and  Instant  MAPS  both 
provided  very  high  levels  of  retention.  Interestingly  somecombi  nati  ons  showed  I  ess  consistent 
patterns  and  the  most  obvi  ous  of  these  was  F17-K3A + FI  i  M  ai  ze™  1043  (T  abl  e6,  combi  nati  on  3). 

The  data  from  Table  6  and  that  obtained  at  48  °C  (Figure  4)  lead  to  the  conclusion  that  the 
combinations  that  gave  less  than  80%  A  A  retention  after  6  months  of  storage  at  48  °C,  also 
showed  relatively  low  retention  of  AA  at  the  lower  temperatures  of  storage. 
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A  further  observation  is  that  for  encapsulating  agents  for  which  crystallinity  was  observed  in 
thestudy  of  X-ray  diffraction  patterns  (Section  3.5)  the  retention  of  A  A  tended  to  belower  at  all 
temperatures  (Table  6).  This  indicates  that  amorphous  structure,  possibly  associated  with  the 
presence  of  lower  molecular  weight  carbohydrate  fragments  in  the  walls  of  the  capsules, 
provides  enhanced  protection  of  theAA  that  has  been  encapsulated.  Accordingly,  thepresence 
of  crystallinity  as  determined  by  X-ray  diffraction  does  not  appear  to  be  useful  in  enhancing 
stability.  This,  however,  does  not  preclude  a  potential  advantage  of  crystallinity  in  terms  of 
release  characteristics  of  the  active  material.  Further  studies  may  be  warranted  to  evaluate 
rel  ease  properti es  al  ong  w i th  the  potenti  al  rol  e  of  crystal  I  i  ne  structure  i  n  thi  s  context. 


Table6:  A  A  stability  during  the  storage  trial  for  all  microcapsule  preparations  (6%  AA  loading) 


Rate  of  loss(%/mth) 

20  °C 

30  °C 

37  °C 

48  °C 

3 

F174GA+Hi  Maize 

-0.47 

5 

F30-H  nstant  449 

-0.38 

8 

F30-H  nstant  M  A  PS 

-0.55 

5 

F30-H  nstant  449 

-1.40 

5 

F30-H  nstant  449 

-0.48 

8 

F30-H  nstant  M  A  PS 

-0.53 

5 

F30-H  nstant  449 

-0.63 

8 

F30-H  nstant  M  A  PS 

-1.43 

4 

F30+GA 

-0.56 

11 

H  i  Cap  100 

-0.57 

11 

H  i  Cap  100 

-0.68 

11 

H  i  Cap  100 

-1.71 

8 

F30-H  nstant  MAPS 

-0.58 

4 

F30-K3A 

-0.84 

3 

F17-H3A+Hi  Maize 

-0.88 

6 

F30+GA+Hi  Maize 

-2.06 

6 

F304GA+Hi  Maize 

-0.63 

6 

F30+GA+Hi  Maize 

-0.87 

6 

F30-K3A+Hi  Maize 

-1.06 

2 

F17-H  nstant  449 

-2.10 

1 

F17+GA 

-0.86 

7 

F17-H  nstant  MAPS 

-1.12 

4 

F30-H3A 

-1.15 

4 

F30-K3A 

-2.67 

2 

F17-H  nstant  449 

-0.96 

2 

F17-H  nstant  449 

-1.17 

2 

F17-H  nstant  449 

-1.24 

3 

F17-K3A+Hi  Maize 

-3.15 

10 

F17 

-0.96 

1 

F17-K3A 

-1.23 

1 

F17-H3A 

-1.47 

1 

F17-H3A 

-3.37 

11 

Hi  Cap  100 

-1.11 

3 

F17-K3A+Hi  Maize 

-1.26 

10 

F17 

-3.44 

7 

F17-H  nstant  MAPS 

-3.42 

7 

F17-H  nstant  MAPS 

-2.47 

10 

F17 

-2.55 

7 

F17-H  nstant  MAPS 

-4.05 

13 

K4484+Hi  Maize 

-9.09 

12 

K4484 

-4.11 

12 

K4484 

-4.32 

13 

K4484+Hi  Maize 

-4.52 

10 

F17 

-12.5 

13 

K4484+Hi  Maize 

-4.22 

13 

K4484+Hi  Maize 

-4.52 

12 

K4484 

-4.65 

12 

K4484 

-14.0 

N  otes: 

1.  Data  for  each  temperature  has  been  presented  as  combination  number  (refer  Table  2),  followed  by  the  details  of  the 
encapsulating  agents  and  then  theratevalueobtainedforlossofAA,  expressed  in  units  of  %/ month. 

2.  T he  rate  values  are  negative  indicating  losses  over  time. 

3.  For  each  temperature,  the  combinations  of  encapsulating  agents  are  ranked  in  order  from  highest  retention  of  A  A 
during  storage  (uppermost)  to  least  (lowest  in  the  columns  for  each  temperature). 

4.  T  he  background  colours  designate  the  particular  combination  of  encapsulating  agents.  T  he  colour  coding  has  been 
used  to  facilitate  comparisons  between  the  rankings  of  retention  for  the  four  temperatures. 

5.  Theapproach  used  in  the  calculation  of  the  values  for  rate  of  loss  of  A  A  is  described  in  Section  2.9. 

6.  Hi  M  a/'ze™  1 043  has  been  abbreviated  to  Hi  M  aize. 

3.8  The  impact  of  selected  encapsulating  agents  upon  retention  of  AA 

The  combi  nati  ons  of  encapsul  ati  ng  agents  used  for  the  mi  crocapsul  es  provi  dedata  that  i  s  novel 
and  may  prove  useful  as  a  basis  for  choosing  ingredients  for  other  spray  drying  applications. 
Firstly,  these  allow  the  direct  comparison  of  maltodextrins  with  differing  dextrose  equivalent 
val  ues,  ref  I  ecti  ng  d  i  fferences  i  n  the  extent  of  hyd  rol  ysi  s  d  u  ri  ng  manufactu  re.  The  rel  evant  d  ata 
has  been  summarised  in  Table  7.  This  shows  that  the  rate  of  loss  of  AA  is  higher  for  samples 
whereF17  was  used  compared  to  thosewith  F30.  On  this  basis,  i  n  theselection  of  maltodextrins 
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for  encapsulation  of  water  soluble  active  ingredients,  F30  appears  to  confer  better  retention 
properties  to  the  resultant  capsules. 


T able  7:  E  ffect  ofthedextroseequivalentofthemaltodextrin  used  in  microencapsulation  on  retention 
ofAA  (6%  loading) 


No. 

Combination 

Rate  of  loss  (%/mth) 

20  °C 

30  °C 

37  °C 

48  °C 

1 

F17+GA 

-0.86 

-1.23 

-1.47 

-3.37 

4 

F30+GA 

-0.56 

-0.84 

-1.15 

-2.67 

3 

F17+GA+Hi  Maize™  1043 

-0.47 

-1.26 

-0.88 

-3.15 

6 

F30+GA+Hi  Maize™  1043 

-0.63 

-0.87 

-1.06 

-2.06 

7 

F17-H  nstantMAPS 

-2.47 

-1.12 

-4.05 

-3.42 

8 

F30-H  nstantMAPS 

-0.58 

-0.53 

-0.55 

-1.43 

2 

F17-H  nstant  449 

-0.96 

-1.17 

-1.24 

-2.10 

5 

F30-H  nstant  449 

-0.48 

-0.38 

-0.63 

-1.40 

N  otes: 

1.  Ratevalues  are  expressed  as  AA  lost  per  month 

2.  T he  values  are  negative  indicating  losses  over  time 

3.  The  background  colours  are  provided  to  facilitate  comparisons  and  are  for  capsules  with  F17  (light  blue)  and  F30 
(yellow) 

A  further  interesting  aspect  of  the  data  is  the  association  between  the  use  of  Hi  Maize™  1043 
and  A  A  retenti  on .  Thi  s  i  ngred  i  ent  w  as  sel  ected  for  the  tri  al  s  as  i  t  i  s  hi  gh  i  n  resi  stant  starch  and 
might  be  expected  to  retard  releaseduring  digestion  foil  owing  consumption.  Thedata(Table8) 
suggests  some  effect  of  enhanced  retention  at  thehighest  temperatures  studied  (37 and  48  °C). 
This  observation  should  be  further  investigated. 


T  able8:  E  ffect  of  incorporation  ofH  i-M  aizem  1043  as  an  encapsulating  agent  upon  retention  of  A  A 
during  storage  at  4  temperatures 


No. 

Combination 

Rate  of  loss  (%  AA/mth) 

20  °C 

30  °C 

37  °C 

48  °C 

1 

F17+GA 

-0.86 

-1.23 

-1.47 

-3.37 

3 

F17+GA+Hi  Maize™  1043 

-0.47 

-1.26 

-0.88 

-3.15 

4 

F30+GA 

-0.56 

-0.84 

-1.15 

-2.67 

6 

F30+GA+Hi  Maize™  1043 

-0.63 

-0.87 

-1.06 

-2.06 

12 

K4484 

-4.11 

-4.32 

-4.65 

-14.0 

13 

K4484+H i  Maize™  1043 

-4.22 

-4.52 

-4.52 

-9.09 

N  otes: 

1.  Ratevalues  are  expressed  as%AA  lost  per  month. 

2.  T he  values  are  negative  indicating  losses  over  time. 
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3.9  The  impact  of  varying  loading  levels  on  retention  of  AA 

A  further  aspect  of  microencapsulation  which  was  briefly  investigated  has  been  the  impact  of 
varying  levels  of  AA  incorporation.  This  is  often  referred  to  as  the  loading  of  the  active 
component.  Microcapsules  were  prepared  usingF17-K3A  corresponding  to  combi  nations  1, 14 
and  15  in  Table  2.  The  only  difference  between  these  was  the  loading  of  AA.  The  relative 
amounts  added  were  6, 18  and  36%  and  in  all  three  cases  the  capsules  were  quite  similar  in 
particle  size  (Figure  3).  The  morphology  was  also  similar  although  the  extent  to  which  the 
capsules  appeared  indented  was  reduced  for  those  capsules  with  36%  AA  loading. 
(Appendix  B,  Figures  Bland  B8). 

The  results  from  A  A  analysesfollowingthestoragetrial  show  thatthereisan  effect  on  stability 
that  may  be  of  practical  signifi  cance(Figure6).Theretention  of  AA  obtained  forthel8and  36% 
AA  loading  was  very  high,  and  substantially  enhanced  protection  of  A  A  was  observed  for  these 
compared  to  that  observed  for  the 6%  AA  loading. 
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Figure  6: 


1  2  3  4  5  6  7 

Time  of  storage  (months) 

The  impact  of  varying  loading  levels  of  A  A  Into  the  formulation  for  preparation  of 
microcapsules  using  the  combination  of  FI  7+GA  (samples  stored  at  48  °C) 


It  is  therefore  likely  that  even  greater  stabilities  would  be  achieved  if  the  combinations  of 
encapsulating  agents  giving  the  best  overall  stabilitiesduringstoragewereused  in  conjunction 
with  higher  rates  of  addition  of  AA  to  the  capsuleformulations.  The  potential  enhancement  of 
retention  at  higher  levels  of  incorporation  indicated  by  the  current  results  warrants  further 
investigation.  It  is  recommended  thatthisindudeadditional  levelsof  AA  as  only  three  levels  of 
incorporation  were  trialled.  These  might  be  used  in  conjunction  with  those  combi  nations  of 
encapsulating  agents  identified  from  the  storage  trial  data  (Table  5  and  Table  6)  as  having  the 
highest  recoveries  under  adverse  storage  conditions. 
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4.  Future  Research 


The  results  of  the  current  study  establish  a  basis  for  further  research.  This  could  include  a 
project  to  incorporate  microcapsules  into  food  matrices  representative  of  those  used  in  combat 
ration  packs.  The  specific  questions  now  remaining  to  be  addressed  are: 

1.  What  is  an  optimal  level  of  incorporation  of  AA  into  microcapsules  to  provide  the 
highest  level  of  protection?  Additional  experiments  need  to  beundertaken  to  extend  the 
prel  i  mi  nary  data  i  ndi  cati  ng  that  hi  gher  I  oadi  ng  I  evel  s  resulted  i  n  i  ncreased  retention  of 
AA. 

2.  What  level  of  retention  is  achieved  when  microencapsulated  AA  is  added  to  foods  and 
these  are  stored  under  harsh  conditions? 

3.  Do  different  combi  nati  ons  of  encapsul  ati  ng  agents  haveappl  i  cation  for  parti  cul  ar  food 
products?  In  order  to  evaluate  this,  uptofivefood  products  might  be  selected  sothata 
range  of  food  properties  are  encompassed.  Among  those  that  might  be  useful  in  the 
context  of  combat  rati  on  packs  are  muesli  bars,  beverage  powder,  biscuits,  chocolateor 
other  confectionery  product,  aswell  asaselection  of  freezedried  meals. 


5.  Summary  and  Conclusions 

Thi  s  research  project  has  sought  to  devel  op  strategi  esfor  enhanci  ng  the  stabi  I  ity  of  A  A  added  to 
foods  as  a  fortificant.  A  series  of  microencapsulation  agents  were  used  to  prepare  capsules  by 
spray  dryi  ng.  The  resultant  preparati  ons  werecharacteri  sed  and  subjected  to  storage  at  a  range 
of  temperatures  up  to  48  °C.  The  results  demonstrate  that: 

1.  Yields  of  microcapsules  obtained  on  a  pilot  scale  spray  dryer  were  satisfactory 
(75-95%). 

2.  Recoveries  of  AA  during  microencapsulation  by  spray  drying  were  excellent 
(98-100%),  showing  virtually  no  losses  under  theconditi ons  used. 

3.  Microcapsules  prepared  by  spray  drying  consisted  predominantly  of  particles  in  the 
range  of  10-50 ^m  diameter.  Little  variation  in  size  was  observed  for  the  various 
combinations  of  encapsulating  agents  used  in  this  investigation. 

4.  M  icroscopy  confirmed  thepartidesizedata  obtained  by  the  laser  diffraction  technique. 
The  images  obtained  by  ESEM  also  demonstrate  that  the  microcapsules  are  basically 
spherical  in  shape.  The  surfaces  appear  to  be  continuous  and  show  indentations  to 
varying  extents. 

5 .  X-ray  d  iff  racti  on  analysi  s  establ  i  shed  that  for  the  wal  I  materi  al  s  di  spl  ayi  ng  a  degree  of 
crystallinity,  the  resultant  capsules  also  have  crystalline  patterns.  However  these 
microcapsules  do  not  show  enhanced  retention  of  AA. 

6.  The  storage  trials  demonstrated  that  AA  retention  levels  were  dependent  upon  the 
parti  cul  ar  combi  nati  ons  of  encapsul  ati  ng  agents. 
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7.  The  resu  I  ts  i  nd  i  cate  that  si  x  combi  nati  ons  of  encapsu  I  ati  ng  agents—  F30  + 1  nstant  449, 
F30  + Instant  MAPS,  Hi  Cap  100,  F30+GA  +Hi  Maize™  1043,  F 17  + 1  nstant  449  and 
F30  +  GA  (combinations  5, 8, 11, 6,  2  and  4  respectively)— warrant  further  evaluation. 

8.  Hi  Maize™  1043  appears  to  enhancetheprotectiveeffectinthecombinationsstudied. 

9.  Thelimited  investigation  of  the  effect  of  loading  level  of  AA  within  the  microcapsules 
indicated  that  higher  levels  are  associated  with  significantly  enhanced  retention. 


6.  Recommendations 

The  recommendations  from  this  work  are: 

1.  Further  evaluate  the  most  promising  of  the  combinations  of  encapsulating  agents  by 
incorporating  the  microcapsules  into  a  selection  of  food  products  so  that  the 
effectiveness  of  protection  can  be  established  within  food  matrices. 

2.  Cond  uct  a  seri  es  of  tri  al  s  to  more  ful  I  y  i  nvesti  gate  the  i  impact  of  I  oad  i  ng  of  A  A  w  i  thi  n 
capsules. 

3.  Investigate  extension  of  the  results  of  this  work  to  other  water  soluble  bio-active 
components  and  micronutrients. 
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Appendix  A:  Moisture  Content  of  Microcapsules 

Table  Al:  M  oisture  content  of  microcapsules  prepared  with  different  hydrocolloid  agents 


Combination  of  encapsulating  agents 

M  oisture  content  (%) 

1 

F17+GA 

4.67  ±0.42 

2 

F17-H  nstant  449 

4.04  ±0.70 

3 

F17+GA  +H i  Maize 

5.72  ±0.70 

4 

F30+GA 

5.86  ±0.67 

5 

F30-H  nstant  449 

4.31  ±0.44 

6 

F30+GA+Hi  Maize 

5.55  ±0.62 

7 

F17-H  nstant  MAPS 

4.82  ±0.82 

8 

F30-H  nstant  MAPS 

6.06  ±0.28 

9 

CAPSUL 

7.49  ±0.45 

10 

F17 

6.02  ±0.52 

11 

Hi  Cap  100 

5.20  ±0.82 

12 

K4484 

6.12  ±0.63 

13 

K4484-fHi  Maize 

4.15  ±0.47 

14 

F 17+GA  +18%  A  A 

4.46  ±1.12 

15 

F17+GA  +36%  AA 

4.10  ±0.48 

N  otes: 

1.  Thenumbering  of  combinations  is  that  presented  in  Tabie2,  Section  2.4. 

2.  Data  are  expressed  in  theform  of  mean  vatue±the95%  confidence  interval  values. 

3.  C ombi nations  1  to  13  were  prepared  with  6%  A  A . 
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Appendix  B:  Electron  M  icrograph  I  mages  of 
M  icrocapsulesfor  Each  Combination  of  Encapsulating 
A  gent  U  sed  i  n  the  I  n  vesti  gati  on 


Thefollowingfigures(BltoB8)show  thetypical  external  features  for  the  various  preparations 
of  microcapsules  using  ESEM  .All  images  are  at  the  same  magnification  (2500x)  to  facilitate 
direct  comparisons.  The  microcapsules  shown  in  each  figure  contain  6%AA  loading,  with  the 
exception  of  FigureB8which  shows  microcapsules  with  18  and  36%  AA  loading.  These  can  be 
directly  compared  with  Figure  B1  as  these  all  used  the  same  combination  of  encapsulating 
agents:  F17-H3A. 


FigureBl:  SEM  imageof  microcapsules  prepared  with  F17+GA  (combination  1,  Table 2). 
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FigureB2:  SEN  images  of  microcapsules  prepared  with  F17+lnstant  449  (upper)  and  F17+GA  + 
H  i  M  a/'ze™  (lower)  (combinations  2  and  3  respectively,  T able 2). 
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FigureB3:  SEM  images  of  microcapsules  prepared  with  F30+G  A  (upper)  and  F  30+1  n  start  t 449  (lower) 
(combinations  4  and  5  respectively,  T able 2). 
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FigureB5:  SEN  images  of  microcapsules  prepared  with  F30+lnstant  M  APS  (upper)  and  CAPSU  L® 
(lower)  (combinations  8  and  9  respectively,  Table 2). 
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FigureB6:  SEM  images  of  microcapsules  prepared  with  F17  (upper)  and  Fii  CAP ™  100  (lower) 
(combinations  10  and  11  respectively,  T able 2). 
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Appendix  C :  X-ray  Scans  of  Encapsulating  Agents, 
Ascorbic  Acid  and  M  icrocapsule  Preparations 

The  following  figures  (Cl  to  C9)  show  diffraction  patterns  obtained  by  wide  angle  X-ray 
analysis.  The  first  figure  shows  the  scan  for  the  pure  AA  used  as  an  ingredient  for 
encapsulation.  Then  a  set  of  scans  are  presented  for  the  encapsulating  agents  (wall  materials) 
used  in  the  preparation  ofthefeed  solution  used  for  spray  drying.  These  are  foil  owed  by  those 
for  the  various  microcapsule  preparations  (in  the  same  order  as  they  are  listed  in  Table  2, 
Section  2.4).  For  the  microcapsule  samples,  each  of  these  contained  6%  A  A  loading  other  than 
thosein  Figure  C9  where  higher  levels  are  specifically  indicated. 

It  is  noted  that  all  figures  are  shown  with  the  same  horizontal  and  vertical  axes  in  order  to 
facilitate  direct  comparisons.  It  is  emphasised,  however,  that  for  A  A  (Figured),  the  vertical 
axis  is  different.  This  reflects  the  highly  crystalline  nature  of  the  pure  AA  used  for 
microencapsulation,  in  comparison  with  all  of  other  samples. 
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Figured:  X  -ray  di  ffracti  on  pattern  for  pu  re  crystal  line  A  A 
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FigureC2:  X-ray  diffraction  patterns  for  wall  materials  used  in  encapsulation  of  A  A: 
GA  (upper),  F17  (centre)  and  F  30  (lower). 
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FigureC3:  X-ray  diffraction  patterns  for  wall  materials  used  in  encapsulation  of  AA: 
Instant  M  APS  (upper),  Instant  449  (centre)  and  Hi  M  a/ze™  1043  (lower). 
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FigureC4:  X-ray  diffraction  patterns  for  wall  materials  used  in  encapsulation  of  A  A: 
CAPSU  L®  (upper),  K4484  (centre)  and  Hi  CAP ™  100  (lower). 
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Bragg  angle  (20) 

FigureC5:  X-ray  diffraction  patterns  for  microcapsule  preparations  incorporating  A  A: 

F17+GA  (upper),  F17+lnstant  449  (centre)  and  F17+GA+FH  Maize ™  1043  (lower) 
(combinations  1,  2  and  3  respectively). 
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FigureC6:  X-ray  diffraction  patterns  for  microcapsule  preparations  incorporating  A  A: 

F30+GA  (upper),  F30+lnstant  449  (centre)  and  F30+GA+FH  Maize ™  1043  (lower) 
(combinations  4,  5  and  6  respectively). 
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FigureC7:  X-ray  diffraction  patterns  for  microcapsule  preparations  incorporating  A  A: 

F17+lnstant  MAPS  (upper),  F30+lnstant  MAPS  (centre)  and  CAPSUL  (lower) 
(combinations  7,  8  and  9  respectively). 
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Bragg  angle  (20) 

FigureC8:  X-ray  diffraction  patterns  for  microcapsule  preparations  incorporating  A  A: 

F17  (upper),  Hi  Cap  100  (centre)  and  K4484  (lower)  (combinations  10,  11  and  12 
respectively). 


42 


UNCLASSIFIED 


UNCLASSIFIED 


DSTO-TR-2504 


FigureC9:  X-ray  diffraction  patterns  for  microcapsule  preparations  incorporating  A  A: 

K4484+H i  Maize ™  1043  (upper),  F17+GA  with  18%AA  (centre)  and  F17+GA  with 
36%  A  A  (lower)  (combinations  13, 14  and  15  respectively). 
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